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Peter A. Schneider, MD, Michael T. Caps, MD, MPH, and Nicolas Nelken, MD, Honolulu, Hawaii
Endovascular reconstruction of the femoral and popliteal arteries is replacing femoral-popliteal bypass. This is made
possible by subintimal recanalization to manage long chronic total occlusions. Re-entry into the true lumen is the most
challenging step in this process. This article summarizes the techniques for re-entry into the true lumen in the superﬁcial
femoral and above- and below-the-knee popliteal arteries. (J Vasc Surg 2013;58:529-34.)Table I. New tools for managing CTOs in the lower
extremity
Tool for
managing CTO Purpose Examples
CTO support
catheters
Support during
wire crossing
CXI (Cook)
Quickcross (Spectranetics)
Trailblazer (Covidien)
Gopher (Vascular
Solutions)
Distal access Access for bi-
directional
approach
Retrograde puncture of
SFA-popliteal
Tibial-pedal
Re-entry
catheters
Enter true lumen
from subintimal
space
Outback (Cordis)
Pioneer (Medtronic)
Enteer (Covidien)
Offroad (Boston Scientiﬁc)
CTO crossing
devices
True lumen
crossing
Crosser (Bard)
Frontrunner (Cordis)
Laser (Spectranetics)
TruePath (Boston Scientiﬁc)
Wildcat (Avinger)
Viance (Covidien)
CTO, Chronic total occlusion; SFA, superﬁcial femoral artery.Subintimal recanalization and angioplasty of the
femoral and popliteal arteries are widely practiced and
have diminished reliance upon bypass as ﬁrst-line therapy.1
Re-entry into the true lumen is usually the rate-limiting
factor. Improved chronic total occlusion (CTO) wires
and support catheters, pedal access, re-entry catheters,
and CTO crossing devices have recently been developed
(Table I). Planning and performing re-entry into the true
lumen during subintimal recanalization of the femoral
and popliteal arteries are described.
METHODS
Re-entry strategy. Strategy is based upon selecting
a re-entry site where the artery has a reasonable lumen,
collaterals are preserved, calciﬁcation is avoided, and po-
tential bypass sites are intact.2 Staying in the true lumen
when possible offers the shortest reconstruction and
preservation of most collaterals but may increase the risk
of embolization at the time of recanalization, whereas with
subintimal passage, intraluminal contents are excluded.
Re-enter the true lumen as close to the distal reconstitu-
tion as possible. There is typically a large incomingthe Division of Vascular Therapy, Hawaii Permanente Medical Group
d Kaiser Foundation Hospital.
or conﬂict of interest: Dr Schneider has the following disclosures:
ientiﬁc Advisory Board Member (non-paid) for Abbott Vascular, Med-
onic; Board of Directors Member for VIVA 501C3 nonproﬁt; Principal
vestigator for Trials (non-paid) sponsored by Medtronic, Gore;
onsultant to start-up companies: Silk Road, Altura, Revascular, Intact
ascular, Pro-med; Enter patients into studies supported by: Abbott,
ore, Medtronic, Cordis; Modest royalty from Cook.
rint requests: Peter A. Schneider, MD, Division of Vascular Therapy,
aiser Foundation Hospital, 3288 Moanalua Rd, Honolulu, HI 96819
-mail: peter.schneider@kp.org).
editors and reviewers of this article have no relevant ﬁnancial relationships
disclose per the JVS policy that requires reviewers to decline review of any
anuscript for which they may have a conﬂict of interest.
-5214/$36.00
yright  2013 by the Society for Vascular Surgery.
://dx.doi.org/10.1016/j.jvs.2013.03.002collateral feeding the reconstituted segment. The sub-
intimal space converted into a ﬂow channel has no
branches, and these can fail suddenly when compromised.
If the re-entry site is calciﬁed, the success rate for loop
passage is lower, and use of a re-entry catheter should be
considered. Patients with worse disease morphology are
more likely to require re-entry catheters.3 If there is
a substantial plaque, consider a site more distal than the
initial reconstitution site. If there is another lesion distal to
but near the re-entry site, this can pose a challenge for
passing the guidewire distally after it has popped into the
true lumen. The operator must decide in this case whether
it would be appropriate to re-enter distal to all the lesions,
given that it might negatively affect bypass options. If the
re-entry fails and the patient needs a bypass, target sites for529
Table II. Tips for re-entry from the subintimal space
Enhance visualization of re-entry site
Place sheath tip at location of origin of ﬂow to collaterals (eg, if distal true lumen is perfused through profunda collaterals, place
the tip of the sheath near femoral bifurcation).
Orthogonal ﬂuoroscopic views. Whether using wire loop re-entry or a re-entry catheter, as the device approaches the true lumen,
orthogonal views help guide the appropriate direction.
Loop management
Maintain the loop in a narrow conﬁguration. A rule of thumb is to maintain the loop as less than diameter of re-entry artery.
This maintains the subintimal space as fairly tight and maintains the loop in its most useful form for re-entry.
Always prove location in true lumen before proceeding with balloon angioplasty.
Assessment of the re-entry site
Avoid signiﬁcant calciﬁcation if possible as re-entry loop or needle may not be able to penetrate calciﬁc lesion.
Avoid occlusive lesions at re-entry site or just distal to it.
Assess collaterals to see which ones can be saved. Re-entry distal to collaterals usually excludes these from the reconstructed
arterial circuit.
Re-entry catheters
View the false lumen and the true lumen side-by-side. Orthogonal views assist in this maneuver.
Orient the puncture needle toward the true lumen.
Do not dilate subintimal space at re-entry site prior to crossing into the true lumen. Dilation makes the subintimal space patulous
and less efﬁcient for crossing into the true lumen.
Fig 1. Loop management. A, There is a long superﬁcial femoral artery occlusion with a proximal stump. B, The artery
reconstitutes at the mid-popliteal level. C, The loop of hydrophilic guidewire is advanced in the subintimal space. D,
The loop is maintained in a narrow conﬁguration by supporting it with an angiographic catheter. E, The re-entry site
ﬁlls in the popliteal artery by contrast administered proximally. The loop approaches the re-entry site and is maintained
in a narrow conﬁguration as it is pushed into the true lumen. F, The position of the guidewire and catheter in the true
lumen is conﬁrmed. In this case, stent placement was required at the re-entry site.
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re-entry usually does not result in thrombosis of that
segment.Re-entry technique. Visualization, loop management,
and assessment of the re-entry site are the maneuvers that
enhance success (Table II). Re-entry at the desired
Fig 2. Perforation of the artery with venous runoff. In the course
of attempting to re-enter the true lumen, it is common to have
a perforation of the vessel with ﬁlling of contrast into the venous
lumen. This can obscure the visualization of the re-entry site, but
the perforation itself is rarely of clinical consequence.
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in real time by positioning the sheath tip at a location to
perfuse the collateral feeding the reconstituted distal
segment, usually near the origin of the profunda. The most
common re-entry method is advancement of a looped
hydrophilic wire from the subintimal space into the true
lumen (Fig 1). The loop is kept narrow and is optimal if
less than the diameter of the artery lumen, and this is done
by closely following the loop with a supporting catheter.
Since the loop is in the subintimal space, keeping the loop
narrow keeps the subintimal space tight. This helps to
direct the wire in a straighter trajectory toward its target
and also makes the knuckle of the wire loop a more
effective tool for piercing tissue to get into the true lumen.
The standard Glidewire (Terumo, Somerset, NJ) has
a directional tip with a soft shaft. Within a few centimeters
of the tip, the wire transitions to a stiffer shaft. The elbow
or loop forms in this transition zone. A wide loop spirals
around the occluded segment and tends to widen further
when it hits heavy calciﬁcation. If subintimal passage is
being performed past a heavily calciﬁed lesion, the artery
wall may be more adherent to the calciﬁed segment,
making wire passage alone more difﬁcult. Catheter support
is required, and sometimes a low proﬁle balloon must be
used to create space in the subintimal plane. Typically
a standard Glidewire is used, but when passing a very
calciﬁed lesion, a stiff Glidewire should be considered. A
nylon catheter, 4 or 5 Fr, with an angled tip and a hydro-
philic coating is best. A recent development is the avail-
ability of CTO catheters, such as the Quickcross
(Spectranetics, Colorado Springs, Colo) or the CXI
(Cook, Bloomington, Ind) offering more support and low
proﬁle. The loop usually seeks the weakest point in the
tissue and breaks across the membrane from subintimal
potential space to true lumen more than 70% of the time in
our experience. Orthogonal views are helpful in assessing
the trajectory of the loop and whether it is progressing
toward the re-entry site. A common ﬁnding during re-
entry is perforation of the artery into the venous outﬂow
(Fig 2).
Even if the re-entry site is calciﬁed, a wire loop or a stiff
wire with catheter support may re-enter the true lumen,
and it is worth an attempt (Fig 3). If this approach is
unsuccessful, select a re-entry catheter as the next step.
This saves time, and the re-entry site is best for success
before too much manipulation has taken place. If a re-
entry catheter cannot be used, consider the following:
Use a catheter with a stiff tip to bluntly push on the re-
entry site or use low proﬁle balloon angioplasty to break
up the tissue membrane in hopes of achieving a fenestra-
tion as shown by active blood return. This approach is
sometimes successful, but it enlarges and occasionally
perforates the subintimal space at the re-entry site and
will render the re-entry catheters less efﬁcacious because
they rely upon a tight subintimal space to provide leverage
for the needle passage into the true lumen. Another
option is to consider a straight 0.035-inch Glidewire or
a straight 0.014-inch or 0.018-inch CTO wire and pushon the location desired for re-entry and see if it can be
drilled into place.
Re-entry catheters. Some commercially available re-
entry catheters are listed in Table III. Re-entry catheters
may be guided by ﬂuoroscopy or intravascular ultrasound
(IVUS), and re-entry is achieved by passage of a needle,
stiff wire tip, or drill. We describe here some general
principles. The subintimal wire is exchanged for a stiff
0.014-inch guidewire. The re-entry catheter is advanced.
If the proximal part of the subintimal space is too tight to
allow passage of a re-entry catheter (usually 6 Fr,
approximately 2 mm), a long, low caliber balloon may be
used to slightly enlarge the subintimal space, but do not
dilate the area intended for re-entry. In the case of the
Outback (Cordis, Hialeah, Fla), after the catheter is in
place, a needle in the tip of the catheter is advanced into
the true lumen, and a 0.014-inch guidewire is advanced
from the re-entry catheter into the true lumen. The
direction of the needle is oriented using ﬂuoroscopy
(Fig 4). Orthogonal views are obtained to locate the
Fig 3. Re-entry in a calciﬁed artery. A, The patient has a distal superﬁcial femoral and proximal popliteal occlusion with
reconstitution at the knee. B, A stiff wire with a hydrophilic tip (V18; Boston Scientiﬁc) is supported by a Quickcross
catheter (Angiodynamics). C, An arteriogram through the catheter demonstrates the location in the true lumen. D,
The image during balloon angioplasty shows the diffuse calciﬁcation of the lesion and the re-entry site.
Table III. Re-entry catheters
Re-entry catheter Features
Outback Premounted needle on a 6 Fr catheter with ﬂuoroscopic orientation
Pioneer IVUS guided, premounted needle, orient needle to 12 o’clock, color ﬂow in true lumen
Enteer Flat balloon orients itself in subintimal space and points needle toward true lumen, 0.018 compatible
Offroad Conical balloon 5.4 mm, when inﬂated points toward true lumen, microcatheter lancet
IVUS, Intravascular ultrasound.
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intensiﬁer is positioned so that the catheter and an
acceptable target vessel segment are viewed side-by-side.Advance the needle into the true lumen: multiple needle
passes may be required, and the risk of needle passes is
low. The needle may only require a partial advancement
Fig 4. Using a re-entry catheter. A, The re-entry catheter (Outback; Cordis) is oriented side-by-side with the lumen so
that the “L” shape is pointing toward the re-entry site. The needle is passed into the true lumen. B, The wire passage is
accomplished through the needle and into the true lumen. In this case, the re-entry site into the true lumen is proximal
to a calciﬁed above-the-knee popliteal artery stenosis.
Fig 5. Alternative crossing method: retrograde pedal puncture. A, The patient had an anterior tibial artery occlusion
that could not be crossed from an antegrade direction. B, The dorsalis pedis puncture was performed, and a guidewire
was passed retrograde across the anterior tibial artery lesion. C, The balloon is passed from the antegrade direction and
angioplasty is performed. D, Completion arteriogram.
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may go through the true lumen and into the wall on the
opposite side. The needle throw is oriented with IVUS
when using the Pioneer catheter (Medtronic, Minneap-
olis, Minn). The needle is at 12 o’clock on the IVUS
image, and the catheter is rotated to face the true lumen.
Using color ultrasound, the true and false lumens can be
distinguished and the wire passed into true lumen. After
passing the wire, the needle is retracted, and the re-entry
catheter is removed over the wire. The true lumen can be
re-entered more than 80% of the time using re-entry
catheters when simpler methods have failed, and this
works best above the knee.
Alternative re-entry options. In a minority of
patients, true lumen re-entry remains elusive, usually
due to calciﬁcation of the artery wall at the site intended
for re-entry. In these patients (fewer than 20%), a retro-
grade puncture can be performed of a distal artery, such as
a tibial or pedal artery (Fig 5).4 Retrograde passage of
a wire is often possible, even when antegrade passage
across the same lesion was not. This is especially the case
for occlusions of the popliteal and proximal tibial level
where there are collaterals that an antegrade wire tends to
follow blindly along and where re-entry devices are not as
applicable. Contrast is administered through the proximal
access to obtain a roadmap of the distal puncture site or
ultrasound used to guide the access. A 4-cm 21-gauge
micropuncture needle is used, and a V18 wire (Boston
Scientiﬁc, Natick, Mass) is introduced. Sheath placement
is avoided if possible to keep the arteriotomy small. If the
retrograde wire cannot break into the true lumen,
a coronary balloon catheter is passed over it. A balloon
introduced from the antegrade direction and the balloon
introduced retrograde are juxtaposed and inﬂated and are
usually able to split the dissection ﬂap to open the true
lumen.
There are mechanically active crossing devices de-
signed to stay in the true lumen (Table I), such as the
Frontrunner with a micro-forcep that engages the lesion.
The catheter tip slides along the occluded lumen, and
forward progress stops when a calciﬁc lesion is encoun-
tered. The catheter is withdrawn slightly to approachthe calciﬁc lesion or cap with open forceps. The Crosser
catheter is a drill-like device that is meant to center itself
within the true lumen. The Crosser catheter requires
a driving motor and is best to use a speciﬁcally designed
supporting catheter.
RESULTS
Loop re-entry using standard technique is successful in
about 80% of cases.1,5 Patients that failed loop re-entry
were treated with re-entry catheters, and approximately
80% of these were successful.5 In a study using the
Outback re-entry catheter for all-comers, re-entry was
successful in 90%.6
CONCLUSIONS
Re-entry into the true lumen is the most challeng-
ing step in performing endovascular reconstruction of
femoral-popliteal occlusions. Tools and techniques are
available to achieve re-entry into the true lumen in most
patients when used in a stepwise fashion.REFERENCES
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